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Ongoing & near-term future microplasticsresearch in 
my Nutrient Cycling & Ecological Design Lab at UVM

ÅComprehensive literature review (draft ready to share in ~ 2 weeks)
Å~150 papers reviewed by my team

ÅCovers microplasticsin composts, digestates, food waste, and agricultural 
soils

ÅMakes recommendations for better linking science & policy

ÅDevelopment of methods for measuring microplasticsin complex 
organic matrices

ÅQuantification of microplasticsin depackagedfood waste, digestate, 
and composts 

ÅTesting effects of microplasticson soil microbial functions



How do we measure microplastics?

Methods

ÅIsolation:
ÅOrganic matter removal

ÅIdentification:
ÅVisual inspection (40X)
ÅDichotomous key

ÅCharacterization:
ÅSize distribution (0.5 ς1 mm, 

1 ς5 mm, > 5 mm)
ÅShape (film, fiber, fragment)
ÅType (FTIR Spectroscopy)

Counting microplastics under the microscope (Photo: Luke Awtry for Seven Days)



How do we measure microplastics?

Challenges

ÅIncomplete organic 
matter removal

ÅMelting

ÅConversion of 
counts to mass, 
which will likely be 
more relevant for 
policy makers

Sieve with residual material including non-plastic 
food fragments & microplastics(Photo: K. Porterfield)

Putative microplastic at 40X.

Raw food waste presents more challenges than compost or digestate





Measurements of microplasticsreported in the scientific 
literature for composts, digestates, and food waste

Å14 peer-reviewed papers providing original data on microplastics in organic 
residuals were identified and reviewed

ÅCount values ςtypical ranges reported
Å~12 to ~82,800 particles per dry kg of green waste-derived compost

Å20 to 30,000 particles per dry kg in composts made with food waste

Å70 to 895 particles per dry kg digestate

Å~40 to 1,400 particles per dry kg food waste

Å% by mass ςtypical ranges reported
Å0.00024% to ~0.1358% by dry weight in composts

Å0.01% by dry weight (1-5 mm) to 0.12 ҕ0.12% by wet weight (>6 mm) in digestate

Å~0.025% in homogenized food waste to 5.6% w/w in source separated household 
biowaste(*higher value not directly measured ςestimated by mass balance)



Measurements of microplasticsreported in the scientific 
literature for composts, digestates, and food waste

ÅFewer results for % by dry weight ςmost researchers are measuring 
abundance in terms of count of particles per dry kg of material

ÅVariability is likely driven by multiple factors, including feedstock, 
processing, and methods used to detect microplastics(e.g., size 
fractions included) ςno standard methods exist

ÅOur preliminary data suggest that average microplasticscounts for 
two depackagedfood wastes & one digestate in VT fall within typical 
ranges listed on previous slide



Measurements of microplasticsreported in the scientific 
literature for composts, digestates, and food waste

Example results from Germany
Schwinghammeret al. (2021)

ά¢ƘŜ DŜǊƳŀƴ CŜǊǘƛƭƛȊŜǊ hǊŘƛƴŀƴŎŜ ǎǘŀǘŜǎ ŀ 
weight limit of 0.4% of hard plastics and 
0.1% of other plastics >1 mm. Our results 
show that both sludge and compost 
samples can comply with the regulation 
όCƛƎǳǊŜ оύέ



Microplasticsin agricultural soils
ÅMultiple potential pathways of introduction
ÅPrimary microplastics(engineered to be small) - plastic-coated controlled-release 

fertilizers, treated seeds, and capsule suspension plant protection products (ECHA, 2020; 

Stubenrauchand Ekardt, 2020)

ÅSecondary microplastics(form from breakdown of macroplastics)
ÅPlastic mulching (Corradiniet al., 2021)

ÅContaminated soil amendments (Corradiniet al., 2021)

ÅIrrigation water (Zhou et al., 2020)

ÅAtmospheric deposition (J. Zhang et al., 2020)

ÅRoads (Chen et al., 2020; Sommeret al., 2018)

ÅLitter (de Souza Machado et al., 2018a)

ÅNot all of these sources will affect every site

ÅaŜŀǎǳǊŜƳŜƴǘǎ ǊŜǇƻǊǘŜŘ ƛƴ ƭƛǘŜǊŀǘǳǊŜΥ млΩǎ ǘƻ млллΩǎ ƻŦ ǇŀǊǘƛŎƭŜǎ ǇŜǊ ŘǊȅ ƪƎ ƻŦ ǎƻƛƭ 
(overlaps with reported ranges for composts & digestates)



Physical effects of microplasticsin agricultural soils? 
effects vary depending on polymer type and soils

ÅMicroplasticshave been found to increase:
Åsoil aeration (de Souza Machado et al., 2019, 2018b; Lozano et al., 2021)

Åwater repellence (Y. Qi et al., 2020; Steinmetz et al., 2016)

Åporosity (Huerta Lwangaet al., 2017; Y. Qi et al., 2020; Steinmetz et al., 2016)

ÅMicroplasticshave been found to decrease:
Åsoil bulk density (de Souza Machado et al., 2018b; Mbachuet al., 2021; Y. Qi et al., 2020; Serrano-Ruiz et al., 2021)

Åaggregate sizes (Kim et al., 2021; Lozano et al., 2021)



Biological effects of microplasticsin 
agricultural soils?

ÅSoil microorganisms can be affected by microplastics(Guo et al., 2020; W. Wang et al., 2020), 
with evidence of effects on:
ÅSpecies dominance, diversity, and richness at microplasticdoses in soils of 0.2ς5% 

w/w (Feiet al., 2020; Ren et al., 2020; J. Wang et al., 2020; Y. Wang et al., 2021; Yi et al., 2021)

ÅOverall microbial biomass at dosage of 1% w/w (Blöckeret al., 2020) 

ÅMicroplasticshave been found to cause oxidative stress and abnormal 
gene expression at a dosing level of 0.25% w/w for earthworms (Cheng et al., 2020; 

B. Li et al., 2021), which can consume and transport microplastics(Zhang et al., 2018)



Biological effects of microplasticsin 
agricultural soils?
ÅLower germination rates in the presence of microplasticshave been 

observed for rye grass and garden cress (Boots et al., 2019; Boskeret al., 2019; Pflugmacheret 
al., 2020) 

ÅMicroplasticshave also been shown to reduce root, shoot and/or 
total biomass growth at dosing rates of:
Å1ς2% w/w for wheat (Pflugmacheret al., 2021; Qi et al., 2018)

Å0.1ς10% w/w for garden cress (Pflugmacheret al., 2020)

Å1ς2% w/w for Chinese cabbage (Yang et al., 2021)

Å0.1ς1% w/w for corn (Wang et al., 2020)

Å0.1% w/w for rye grass (Boots et al., 2019)

Å0.2ς0.6% w/w for rice (Liu et al., 2021)

Å2% w/w for spring onion (de Souza Machado et al., 2019)

Å1% w/w for lime trees (Enyohet al., 2020)



Biological effects of microplasticsin 
agricultural soils?
ÅHowever, in some instances negative effects were only observed for:
ÅSome polymer types but not others (Boots et al., 2019; de Souza Machado et al., 2019; Qi et al., 2018; F. 

Wang et al., 2020; M. Yang et al., 2021)

ÅCertain sizes but not others (Z. Li et al., 2020; M. Yang et al., 2021)

ÅCertain dosing rates (Wang et al., 2020)

ÅCertain soil pH conditions (Liu et al., 2021)

ÅTo date, there is limited evidence that crops uptake plastics into 
their biomass (Azeemet al., 2021; Huerta Lwangaet al., 2017) 

ÅHowever, some recent studies have reported finding microplasticsin 
cultivated crops, including wheat (L. Li et al., 2020; Lianet al., 2020a, 2020b), radish (Tympaet al., 

2021), garden cress (Boskeret al., 2019), corn (Sun et al., 2021), and cucumber (Z. Li et al., 2021) 



Weaknesses in current soil microplastics
research
ÅVariability in results

ÅNo easy way to determine the environmental relevance of existing 
ecotoxicitystudies
ÅMicroplasticsin agricultural soils are being measured in counts of particles 

per dry kg, but ecotoxicitystudies use dosing at various % by dry weight

ÅMore research is needed to overcome the current lack of information 
linking microbial community composition to function (Hicks et al., 2021)



Microplasticeffects remain uncertain ςmore 
research is needed
ÅEPA, 2021
ÅάaǳŎƘ ǊŜƳŀƛƴǎ ǳƴŎƘŀǊŀŎǘŜǊƛȊŜŘ ŀōƻǳǘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀǘŜ ƻŦ ŀƴŘ 

exposure to plastic particles in composts and digestatesgenerated from food 
waste and used as soil amendments, making it challenging to evaluate risks to 
ƘǳƳŀƴ ƘŜŀƭǘƘ ŀƴŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦέ

Åά¢ƘŜ ŀǾŀƛƭŀōƭŜ ƭƛǘŜǊŀǘǳǊŜ ŘƻŜǎ ƴƻǘ ǇǊƻǾƛŘŜ ǎǳōǎǘŀƴǘƛŀƭ ŜǾƛŘŜƴŎŜ ƻŦ 
environmental or human health effects that are occurring as a result of 
plastic contamination in finished compost and digestate products produced 
ǳǎƛƴƎ ŦƻƻŘ ǿŀǎǘŜ ǎǘǊŜŀƳǎΦέ

ÅάLǘ ƛǎ ŀƭǎƻ ǳƴŎƭŜŀǊ Ƙƻǿ ǘƘŜ Ǌƛǎƪǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜǎŜ ǇǊƻŘǳŎǘǎ ƎŜƴŜǊŀǘŜŘ 
from food waste would compare to those of background levels of plastic 
contamination and other sources of plastic contamination in the 
ŜƴǾƛǊƻƴƳŜƴǘΦέ



Gap between viewpoints of scientists & media 
(Volker et al. 2020) 

ÅMost scientific studies (67%) frame microplasticsrisk as hypothetical 
or uncertain, while 24% present them as established

ÅIn contrast, most media articles reporting on microplasticimpacts 
(94%) imply that risks of microplasticsexist and harmful impacts are 
highly probable

ÅWe need to rigorously evaluate the risks in Vermont, as well as the 
potential trade-offs of policy



design process to harmonize food waste microplasticsscience & policy

Porterfield et al. (in prep)
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design process to harmonize food waste microplasticsscience & policy

Porterfield et al. (in prep)


